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1. Introduction policy mainly aimed at realising an affordable, reliable and secure 
energy system in order to maximally facilitate energy intensive 
industrial processes. In 1997 the Kyoto protocol was adopted. In 
this protocol 37 Annex I countries! committed themselves to the 
reduction of greenhouse gases. As a consequence climate change 


Energy is literally the fuel for economic processes and growth. 
For this reason energy policy has always been an important part 
of economic and industrial policy. In the pre-Kyoto period, energy 


ee 1 Annex I countries are those industrialised countries that in 1992 were mem- 
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and greenhouse gas emission reduction became important pillars 
in contemporary energy policies during the post-Kyoto period. 
In the same period geo-political instability like the war in Irak, 
the energy crisis during the 2000s and the natural gas dispute 
between Russia and Ukraine showed the international charac- 
ter of the energy system and the dependence on this system by 
individual countries. Renewable energy sources and technologies 
were identified as a means to reduce the impact of the energy 
system on the global climate and to reduce the dependence of 
national energy systems on foreign oil and gas. This realisation has 
led to a boost in renewable energy related research policies and 
industrial policies. The UK for example increased public R&D expen- 
ditures related to renewables by a factor 10 during in the period 
1997-2008 [1]. 

However, even though many years of public efforts and gov- 
ernment money have been invested in order to speed up the 
development, diffusion and implementation of renewable energy 
technologies (RETs), experiences in different countries show that 
this is a very slow and tedious process [2-10]. For the OECD as a 
whole the share of renewables in the total energy supply increased 
from 6.2% in 1997 to 7.1% in 2008. For the UK this share rose in 
the same period from 1% to 2.8% and for the US the share stayed 
roughly the same at a little over 5%. The EU (27) did relatively well 
by increasing the share from 5.7% to 8.2% in the period 1994-2007 
[11]. However, these figures indicate that the actual share of RETs 
is still low, especially when compared to the ambitions of pol- 
icy makers. The UK has set a renewable energy target of 15% for 
2020 and the EU renewable energy target is 20% by 2020. For the 
longer term the ambitions are even higher. The UK has a target 
to reduce carbon emissions by 80% in 2050 and during the Copen- 
hagen summit Europe offered to cut emissions by 95% in 2050. Both 
targets imply a large increase in the share of renewables. Realising 
such an increase requires insight in the factors that have ham- 
pered the speed of development and diffusion of renewables so 
far. 

There are two different scientific paradigms to explain the slow 
diffusion of RETs. The first is the neo-classical economic paradigm 
that highlights market failures [12] as the main obstacle. Getting 
the prices right (by means of taxes and subsidies) and public R&D 
subsidies to compensate for the private under investments in RETs 
R&D are the often proposed solutions, although the market failure 
approach was particularly weak in identifying where those subsi- 
dies should go, and what their level should be [13]. 

Another academic paradigm challenges this neoclassical view. 
These scholars highlight the systemic character of innovations. In 
their view, the speed, direction and success of innovation processes 
are strongly influenced by the environment in which innovations 
are developed. This environment is called innovation system, tech- 
nological system or innovation ecosystem. Innovation systems are 
socio-technical configurations of actors, rules, physical infrastruc- 
tures and their relations. These scholars highlight that besides 
market failures, many other system failures may exist that hamper 
the swift development and diffusion of innovations. In this article 
we analyse the reasons for the problematic diffusion of RETs using 
such an innovation systems perspective. 

Scholars have sought explanations for this slow diffusion both in 
the nature and the characteristics of the incumbent systems and of 
the emerging alternative systems. The existing energy system ham- 
pers the diffusion of new energy technologies due to the inertia that 
is inherent in large technological systems such as the energy system 
and due to the strong interrelatedness between the energy sys- 
tem and the economic system [14]. Literally all economic processes 
depend on the current energy system. Therefore, transforming the 
energy system will affect all other parts of the economy and trans- 
forming it into a sustainable one will require an effort of change 
beyond anything that we have witnessed so far [15]. 


The relation between the existing energy system and emerg- 
ing RETs is important for understanding the slow diffusion of these 
technologies. Some of the technologies that enable the transition 
to a more sustainable energy system substantially differ from the 
technologies that are in use today. The innovation literature labels 
these innovations as radical innovations [16], disruptive innova- 
tions [17] or system innovations [18]. The main difference between 
incremental innovations and radical innovations is that incremen- 
tal innovations fit well in existing innovation systems while radical 
innovations do not. For the latter a new innovation system needs 
to build up. The literature agrees that the build-up of completely 
new innovation systems takes time. Van de Ven et al. [19] states 
it as follows “The time, costs and risk incurred by firms in devel- 
oping an innovation are inversely related to the developmental 
progress of building an infrastructure for the new technology” [19]. 
In other words, more novel innovations require greater changes in 
all parts of the system and therefore greater development times, 
which increase the chance of failure. 

The building up of new innovation systems is not a smooth and 
efficient process. Very often, specific difficulties arise that ham- 
per the development of new innovation systems. In the literature 
these are labelled as ‘system failures’ [13,20-22], ‘system imper- 
fections’ [23] or ‘systemic problems’ [24,25]. In the case of modern 
innovation policy, system failures are used as justification for policy 
intervention [26]. In the literature several categories of system fail- 
ures have been identified [13,20-22,27]. In this paper we link these 
general theoretical categories of system failures (that we label as 
systemic problems) to the specific problems encountered in the dif- 
fusion of RETs. We first provide a classification of system failures as 
identified in the literature and then perform an extensive literature 
review of actual problems identified in RETs case studies (different 
technologies in different countries) assigning each problem to a 
systemic problem class. Linking the literature on systems failures 
with descriptive studies on RETs allows us to (1) gain insights in 
the specific problems of the energy system, and (2) get a system- 
atic overview of problems which enables a better designed systemic 
policy approach [24]. The main research question of our paper is: 


Which systemic problems hamper the development and diffusion 
of renewable energy technologies? 


In Section 2 we will provide a literature overview of differ- 
ent typologies of systemic problems. Section 3 will explain the 
methodology used to categorise the empirical data to the systemic 
problems. In Section 4 we will provide a literature overview of 
50 articles that studied the development process of different RETs 
in different countries (mostly European) and identified specific 
problems. We categorise the identified empirical problems using 
a theoretical typology of system failures. We finally end with con- 
clusions and policy recommendations. 


2. Systemic problems and transformative change 


The notion of long-term transformative change captures the 
idea that fundamental changes in our systems of production and 
consumption are needed, i.e. novel configurations of actors, insti- 
tutions and practices [27]. Governments often seek to stimulate or 
steer such transformations in order to reach societal goals and to 
bring about this transformative change. One of the approaches that 
legitimises intervention and provides a basis for designing research, 
technology and innovation (RTI) policy is the innovation systems 
approach [28-31]. 

Innovation systems analyses are especially useful for analysing 
which systemic problems hamper the development and diffusion 
of innovations. In fact, since the introduction of innovation systems 
approach (e.g. [32]) system failures or system problems are defined 
as the new rationale for government interventions [21]. System 
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approaches are believed to have a greater potential for identifying 
where public support should go and to identify areas of systemati- 
cally weak performance than the neoclassical perspective [13,26]. 
Various authors have provided listings of possible systemic fail- 
ures and problems. However in order for these categories of system 
problems to lead to policy interventions a clear link between the 
empirically observed problems in a certain domain and the con- 
ceptual categories of system problems is needed. 

The literature described systemic problems as ‘systemic failure’ 
[33], ‘weakness’, ‘imperfection’ or ‘problems’ [13,21]. Lipsey et al. 
[34] argue that when technology changes endogenously and in con- 
ditions of uncertainty there is no optimality nor equilibrium, and 
so optimum allocation of resources or optimal policies are not pos- 
sible. In such conditions it is impossible to talk about a failure or 
an ‘imperfection’ [25]. A weakness is equally inappropriate term in 
that context as a weakness is not necessarily a problem; a situation 
that needs action [25]. This paper therefore refers to these sys- 
temic failures, weaknesses or imperfections as systemic problems. 
We thereby define systemic problems as “all systemic factors that 
block the operation and the development of innovation systems”. 
Table 1 provides an overview of the categories of systemic problems 
identified in the literature (adapted from Wieczorek [25]). 

As this paper has a review character we choose to use a compre- 
hensive list of systemic problems for our survey including: market 
structure problems, infrastructural problems, institutional prob- 
lems, interaction problems and capabilities problems. Following 
Klein Woolthuis et al. [21] we leave out lock-in problems as lock- 
in is an outcome of other systemic problems. We will now briefly 
describe the categories of systemic problems. 


2.1. Market structure problems 


Market structure is defined as the organisation of the current 
market and the criteria used to select innovations. A new technol- 
ogy may suffer from competing incumbent substitutes that have 
been able to undergo a process of increasing returns [35]. This 
tends to associate the new product with a high price (lack of scale 
and experience economies) or low utility (poor performance, lack 
of network externalities and/or infrastructure). If the gap is very 
large, and if there is a paucity of nursing [36] or bridging seg- 
ments [37] that allow for a gradual generation of increasing returns, 
a new technology may never have the chance to rectify these 
initial disadvantages. Also, the selection processes in the market 
may not involve a ‘free’ choice by customers when the market is 
controlled by dominant incumbents [20]. Also traditional market 
failures belong in this category. 


2.2. Infrastructure problems (physical and knowledge) 


Infrastructure is the basic physical and organisational struc- 
ture needed for the operation of a society or enterprise or the 
services and facilities necessary for an economy to function. Knowl- 
edge infrastructure refers to both physical assets such as highly 
specialised buildings (laboratories and testing facilities) and equip- 
ment, as well as to non-physical assets related to scientific and 
applied knowledge. Physical infrastructures refer to the technical 
structures necessary for a society to function like electricity grids, 
natural gas grids, high-speed ICT infrastructure, and highway sys- 
tems. Infrastructure problems are normally associated with the 
absence of necessary infrastructures for the new technological tra- 
jectory. Physical infrastructures usually play a large role in the 
transformation of large technical systems such as the energy sys- 
tem. Large investment costs and coordination problems associated 
with the build-up of a new infrastructure are a reason for govern- 
ment intervention in these transformation processes [21]. 


2.3. Institutional problems (hard and soft) 


Institutions form a key factor in innovation systems theory 
that envisages the institutional context as a defining and struc- 
turing element in the system, and institutional problems refer to 
the institutional mechanisms that may hinder innovation. Hard 
institutions are formal, written, consciously created institutions, 
e.g. technical standards, labour law, risk management rules, etc. 
Soft institutions refer to informal, often evolved spontaneously 
and may be the implicit ‘rules of the game’, e.g. social norms 
and values, the legitimacy of new technology, culture, willing- 
ness to share resources with other actors, entrepreneurial spirit 
within organisations, industries, regions and countries and ten- 
dencies to trust, risk averseness. Taken together these institutions 
are conceptualised as the selection environment in which firms, 
knowledge institutes as well as the government itself are embed- 
ded [21]. 


2.4, Interaction problems (too strong and too weak) 


Market relationships ‘persist through time and involve inter- 
firm cooperation in the development and design of products’ 
[13,21]. Interactions not only involve relationships with other 
firms but also the interaction with, e.g. the government, pub- 
lic knowledge institutes, and third parties such as specialised 
consultants. Interaction problems can be caused by either too 
strong or too weak interactions. Strong interaction problems occur 
within a network when individual actors are guided in the wrong 
direction by network actors and consequently fail to supply each 
other with the required knowledge or when the network is too 
closed and actors become reluctant to exit the group or let new 
entrants in. Actors may also be ‘locked into’ their relationships 
due to asset specificity, switching costs or due to lack of alterna- 
tive partners. Weak network failures occur when the connectivity 
among complementary technologies and actors is poor, fruitful 
cycles of learning, adaptation to new technological developments 
and innovation are therefore prevented. Moreover, if organisa- 
tions in a system interact poorly this may lead to a lack of 
shared vision of future technology developments, which in turn 
might hinder the coordination of research efforts and investment 
[21]. 


2.5. Capability problems 


Companies can simply lack the competences, capabilities or 
resources to make the leap from an old to a new technology or 
paradigm [21,38,39]. With regard to search processes firms build 
upon their existing knowledge base and other assets when they 
search for new opportunities, therefore they may be ignorant of 
opportunities which are at some distance: their vision may also be 
‘bounded’ [20]. 


3. Methodology 


In order to gain insight in the actual system problems that ham- 
per the development and diffusion of RETs we analyse 50 case 
studies that analyse developments of RETs using a sociotechnical 
framework. The articles are selected from Scopus through key- 
word search using the following keywords: innovation systems; 
technological change; socio-technical; transition management; 
biomass; biofuels; biopower; CHP; hydrogen; green power; renew- 
able energ*; photovoltaic; PV, marine; wind. Only those articles 
are selected that a socio-technical theory framework with insights 
from empirical case studies. The selection process resulted in about 
50 papers that where included in the analysis (see Table 2 for an 


Table 1 


Overview of different systemic problems. 


Systemic problems OECD 1997 Smith 2000 Jacobsson and Klein Woolthuis Chaminade and Foxon and Pearson Mierlo et al. 2010 Weber and 
Johnson 2000 et al. 2005 Edquist 2007 2007 Rohracher 2011 
Hard and soft institutions Mismatch between Institutional Legislative failures; Hard institutional Institutional Institutional Institutional 
basic and applied failures Failures in failures; problems (hard); (hard); failures 
research; educational system Soft institutional Institutional Institutional (soft) 
Malfunctioning of failures problems (soft) 
the technology 
transfer 
institutions 


Market structures 


Capability problems 


Knowledge and physical 
infrastructure 


Too weak and too strong 
interactions 


Transition failure 
Lock-in 


Directional 
Demand articulation 


Institutional coordination 


Reflexivity 


Information and 
absorptive 
deficiencies of 
enterprises 


Lack of interaction 
between actors 


Failures in 
infrastructural 
provision and 
investment 


Transition failures 


Lock-in failures 


Poorly articulated 
demand; 
Economies of scale 


Poor connectivity; 
Wrong guidance 
for future markets 


Local search 
processes 


Capabilities’ failure 


Infrastructural 
failures 


Interaction 
failures: 

Strong network 
failures and 
Weak network 
failures 


Copy Knowledge; 
Negative 
Externalities 


Capability and 
learning problems 


Infrastructure 
provision and 
investment 
problems 
Network prob- 
lems/unbalanced 
exploration—-exploitation 
mechanisms; 
complimentarity 
problems 
Transition 
problems 

Lock in problems 


Market structure 


Capacities 


Infrastructure 
(knowledge); 
infrastructure 
(physical) 
Interaction (too 
strong); Interaction 
(too weak) 


Failures in 
infrastructural 
provision and 
investment 


Adaptation failures 
Lock-in failures 


Directional 
Demand 
articulation 
Institutional 
coordination 
Reflexivity 
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Table 2 
Overview of cases per country and technology. 


Country Technology 


Australia ccs 
Austria Biogas 

Green power 
Canada CCS 
Denmark Wind, Biogas (x3)* 
Germany Wind (x5) 
Solar (x2) 
Biogas (x2) 
Stationary fuel cells 
Micro-CHP 
Biogas (x4) 
BM cofiring (x2) 
Heat-pump 
Wind (x6) 
BM gasification 
CHP (x2) 
Biofuels (x6) 
BM Digestion 
BM combustion 
PV (x3) 


Netherlands 


Norway ccs 
Spain Wind 
Sweden Wind (x5) 
Solar/solar collectors (x4) 
Biofuels (x3) 
Biopower 
CHP 
Small biofuel boilers (nuclear and hydropower) 
Pellet burner 
BM gasification 
Switzerland Biogas 
UK Wind (x2) 
Marine (x2) 
PV 
BM 
CHP/micro-CHP 
US Wind (x2) 
ccs 


4 The numbers depicted in brackets are the number of studies done on that par- 
ticular technology; Wind in Germany, the Netherlands and Sweden are the most 
often studied cases. 


overview of country and technology per theoretical framework 
applied). 

For our analysis we first identify all barriers and problems 
described in the case studies and include these in a database. Each 
barrier is then allocated to a single systemic problem category. 
The allocation of the empirical data to the systemic problems has 
been verified and repeated independently by other researchers to 
improve the reliability. This analysis provides insight in the most 
common type of barriers (for each technology) and gives more 
insights in the specific form of each system problem in the case 
of RETs. 


4. Review of systemic problems for renewable energy 
technologies 


Table 3 shows the allocation scheme for the systemic prob- 
lems that has been developed in an inductive and iterative way. 
The third column shows the amount of barriers per systemic prob- 
lem extracted from the empirical data. As mentioned in Table 2 
some cases are studied by several authors. Nonetheless, the dou- 
ble counting has not been corrected for in the third column as 
this is a literature review and the numbers merely serve as an 
illustration of the relative attention for each systemic problem in 
the literature. The systemic problem that has been observed most 


often is ‘hard institutional problems’, followed by ‘market structure 
problems’, ‘soft institutions’ problems, etc. Below the individual 
systemic problems will be described with specific examples from 
the case studies. 


4.1. Hard institutional problems 


In the case studies we observed the following hard institutional 
problems. 

The first problem relates to ‘stop and go’-policies: about 37 
distinct cases report on highly volatile developments in regu- 
lations and subsidy schemes. Subsidies are announced but the 
actual implementation is often delayed or the implemented sub- 
sidy scheme has lower tariffs or shorter time periods than agreed 
upon before. The worst example of such stop and go policies comes 
from the Netherlands where in the period 1998-2001 every 2 years 
subsidies for RETs were stopped and reintroduced in an alternative 
form which eventually was also stopped shortly after (1998 start 
energy tax REB, 2001 stop energy tax; 2002 promised introduction 
of RETs subsidy called MEP; 2003 actual introduction of MEP with 
lower tariffs and 10 years duration instead of 20 years; 2006 unan- 
nounced stop of MEP; 2007 start new subsidy scheme called SDE; 
2009 stop SDE; 2011 start adapted SDE called SDE+) [5,40-43]. The 
same trend of ‘stop and go’ approach of subsidy programmes is 
observed in the UK for the cases of micro-CHP, wind, PV, biomass, 
and marine energy [3,44,45]. Also in Sweden similar dynamics were 
reported related to solar collectors [46], biopower [47], and pellet 
burners [2]. The case studies described above conclude that such an 
uncertain policy environment makes entrepreneurs and investors 
reluctant to take the risk and invest in RETs, which undermines the 
position of the government and policy makers in terms of reliability 
and trustworthiness. This lack of trust in the government does not 
only negatively influence current RETs trajectories but also future 
RETs trajectories. 

A second observed phenomenon is the attention shift of policy 
makers with respect to a technology or its application context. In 
the case of micro-CHP in the UK initial funding was provided in 
order to meet the challenges of energy security, but then the issues 
of liberalisation and privatisation of the energy market started to 
dominate the policy debate which negatively influenced support 
for CHP [45]. Another example is the case of biomass digestion in 
the Netherlands. Biomass digestion received very unstable atten- 
tion due to rapid changes in the priority of societal problems. In 
the 1970s the manure surplus problem was dominant, followed 
by the waste surplus problem in the 1980s and climate change in 
the 1990s [4,5,48]. Unfortunately, every change led to a tempo- 
rary decline in policy attention for biomass digestion. In the case 
of biofuels the changing policy preferences regarding first and sec- 
ond generation biofuels became apparent [43,49]. The same was 
observed for solar cells in the Netherlands. During the 1970-1980s 
the focus was on sunny and developing countries while in the 1990s 
climate change dominated the agenda and PV was also seen as an 
option for North West European countries. Very recently this per- 
spective changed again and PV is not any longer considered a viable 
option due to high costs [42,50]. Also in Sweden policy perspectives 
changed. For example biofuels received attention in the 70-80s due 
to oil crises and during the 90s due to air pollution [51]. 

As a third institutional failure many articles mention misalign- 
ment between policy levels, different sectors and existing and new 
institutions: for the biofuels case in the Netherlands [43,49,51,52] 
and the PV case in the Netherlands [42] shows a misalign- 
ment between different levels of government; in both cases the 
provincial (regional) governments strongly stimulate local activ- 
ities with tax exemptions for biofuel applications and subsidies 
for solar production firms, whereas the national government hin- 
ders the development and diffusion of those technologies with 


Table 3 
Allocation scheme of systemic problems. 
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Systemic problems 


Empirical sub categories 


No. of cases 


Hard institutions 


1. ‘Stop and go policy’: lack of continuity and long-term regulations; inconsistent 
policy and existing laws and regulations 

2. ‘Attention shift’: policy makers only support technologies if they contribute to 
the solving of a current problem 

3. ‘Misalignment’ between policies on sector level such as agriculture, waste, and 
energy, and on governmental levels, i.e. EU, national, regional level, etc. 

4. ‘Valley of Death’: lack of subsidies, feed-in tariffs, tax exemption, laws, emission 
regulations, venture capital to move technology from experimental phase towards 


51 


commercialisation phase 


Market structures 1. Large-scale criteria 


30 


Incremental/near-to-market innovation 


Incumbents’ dominance 


Soft institutions 1. Lack of legitimacy 


Different actors opposing change 
1. Lack of technological knowledge of policy makers and engineers 19 


Capabilities/capacities 


28 


Lack of ability of entrepreneurs to pack together, to formulate clear message, to 


lobby to the government 


Lack of users to formulate demand 


Lack of skilled staff 
Knowledge infrastructure 
knowledge institutes 


- Wrong focus or no specific courses at universities and 16 


-Gap/Misalignment between knowledge produced at universities 


and what needed in practice 
- Individualistic entrepreneurs 
- No networks, no platforms 


Too weak interactions 


13 


- Lack of knowledge diffusion between actors 
- Lack of attention for learning by doing 


Too strong interactions 


-Strong dependence on government action or dominant partners (incumbents) 8 


- Network allows no access to new entrants 


Physical infrastructure 


-No access to existing electricity or gas grid for RETs 2 
- No decentralised, small-scale grid 


-No refill infrastructure for biofuels, ANG, H2, biogas 


the discontinuation of subsidy programmes on national level 
and explicit statements of not supporting these technologies 
[5,40,41,43,49]. 

Another misalignment occurs when regulations between sec- 
tors are contradictory and therefore hamper the development and 
diffusion of the technology in question; especially for biomass tech- 
nology where the agricultural, energy and waste sector are involved 
many conflicting and contradictory regulations were observed (see 
cases biofuels in the Netherlands [43,49,52,53], biomass digestion 
in the Netherlands [4,5,48] and biomass digestion in Switzerland 
[54]). 

The final hard institutional problem is the lack of institutional 
support during the so-called valley of death. The valley of death 
is the phase in the technology life cycle just before market intro- 
duction. In this phase high uncertainties about market success are 
coupled with high investment costs for building production capac- 
ity. In the case of RETs in the UK R&D efforts and support schemes 
offer small and protected niche markets that allow early demon- 
strations and to move into pre-commercial trials. However a gap 
between existing RD&D programmes and the ‘near commercial’ 
support offered by the renewable obligations do not manage to 
overcome the valley of death. The consequence is that many RETs 
are stuck in the R&D or early demonstration stage, unable to move 
into pre-commercial trials [3,55]. The same trend is observed in the 
Netherlands were large budgets for R&D are provided but hardly 
any instruments are available for large scale demonstrations and 
early market formation. This proved to be problematic for biomass, 
biofuels, wind and PV technologies [5,40-43,49,50,56-59]. For 
Sweden the same observation was made [20,46]. Countries such as 
Germany, Austria and Denmark have shown good practices in this 
area by maintaining a feed-in system over a long period of time 
that has been altered over the years in agreement with the renew- 
able energy sector which resulted in a large-scale implementation 


of renewable energy technologies such as biomass, PV and wind 
energy [20,60-66]. 


4.2. Market structures 


Renewable energy technologies have a hard time to break 
through in the energy market dominated by fossil fuel technolo- 
gies that reap the benefits from economies of scale, long periods 
of technological learning and socio-institutional embedding. This 
makes them cheap, efficient, produced in large quantities and opti- 
mally aligned to institutions and customer and firm preferences. 
In the search for alternative energy technologies, the technological 
characteristics of fossil fuels are mirrored to renewable technolo- 
gies. Even though they are technologically fundamentally different, 
the same fossil fuel heuristics are applied to renewables. Also pow- 
erful incumbent firms play - unintentionally or not - problematic 
roles. More specifically, the following market structure problems 
were observed in the literature. 

First, the incompatibility of RETs with the paradigm of large-scale 
centralised generation is problematic. Especially in the wind energy 
cases the first choice is large-scale wind turbines (MWs). Typical 
examples are the case of Vattenfall in Sweden [2], the Califor- 
nian wind case [67] and the Dutch wind case [20,50,56], where 
premature convergence towards large-scale wind turbines led to 
poor technological designs, unreliable technology and therefore 
problematic diffusion of the technology. But also in other technolo- 
gies the current technological paradigm [68] directed the search 
towards large scale design; for biomass gasification [40] and heat 
pumps [4] over dimensioned designs were chosen, which were 
unfeasible in practice hampering technology diffusion. In success 
cases (such as wind in Denmark) the initial choices for small scale 
technologies was followed by continuous technological learning 
and steady up scaling of designs [65,69,70]. 
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Another typical problem for RETs is the choice for incremental 
innovations and near to market innovation that fit best in current 
energy systems. By itself, this is not a problem, except for the fact 
that these technologies reduce the success chances of more radical 
and long term options. In many cases incremental innovation and 
near-market technologies are preferred and supported by policy, 
such as for the micro-CHP market in the UK which is dominated by 
incumbent players and long-established energy utilities [45]. The 
reason for the support is that micro-CHP fits well with the current 
structure of the gas grid and that incumbents offer domestic boiler 
service contracts, being close to their specific knowledge and skills 
base and providing them with a positive image without having to 
make radical changes [45]. These technological preferences have 
negative effects on the diffusion of for example solar cells and solar 
boilers [44]. In the Netherlands and other countries, such as Sweden 
and the UK, mainly biomass co-combustion is favoured and sup- 
ported by policy. This is a very low-tech option; biomass is added 
to coal firing plants without having to make great alterations to the 
installations. Since this option is considered the cheapest option 
for the short turn, it deviates investments from more long term 
solutions and at the same time increases the lock-in of coal in the 
energy system [3,40,41,47,71]. 

The last observed problem related to market structures is 
the negative attitude and strategy of incumbent firms related to 
renewable energy. This strategy can be summarised as raising 
expectations about the important role of incumbent in the tran- 
sition to a sustainable energy system while in reality very limited 
activities are pursued in this area. In the case of wind energy in the 
UK about 80% of the wind power installations are owned by large 
utility companies; their strategies being to buy up independent 
developers. In this way the technology does not provide a funda- 
mental threat to their core businesses [66]. The micro-CHP market 
in the UK is dominated by incumbent players and long-established 
energy utilities in order to benefit from the positive image effects 
and to position themselves in a potential future business field and 
new retail products: lease of micro-generation units [45]. Simi- 
larly, the Swedish Energy company Vattenfall made investments 
in RD&D and stated its commitment to renewable energy sources 
but they only bought four commercial wind turbines in 1990 and 
only 30 in 1998 [2]. 

Summarising, these examples show that in the energy sector 
the incumbent technologies, actors and institutions are very pow- 
erful and well organised. Incumbents are not only hesitant towards 
adopting new technologies but may also deliberately attempt to 
block the development of new emerging technologies [72]. This 
form of dynamics can logically be expected due to the interests of 
incumbents in the current energy system, but unfortunately they 
are granted a large influence by policy makers when renewable 
energy policies are designed. 


4.3. Soft institutional problems 


Legitimacy is a matter of social acceptance and compliance 
with relevant institutions [73], and for new technologies gain- 
ing legitimacy is often a slow and tedious process. In many cases 
of low-carbon innovation, existing institutions tend to block the 
development of new technological options [74]. The current sys- 
tem does not facilitate low carbon innovations and the emerging 
innovation system is not able yet to build up a strong legitimacy. 
In addition, opponents hamper and break down the legitimacy of 
emerging innovations. Therefore it is necessary to attain legitimacy 
in order for resources to be mobilised, for demand to form and for 
actors in the new innovation system to acquire political strength 
in order to influence the institutional setting [73,75]. Legitimacy 
is not given but rather formed through conscious actions by var- 
ious organisations and individuals in a socio-political process of 


legitimation, which incorporates cognitive, normative as well as 
regulative aspects [73]. Actors can de-legitimise technologies with 
respect to three dimensions: the performance of each unit (e.g. in 
terms of environmental impact), the potential (physically, techni- 
cally or economically) and the proven functionality (in terms of 
technology and cost) [73]. Besides incumbents, there are also other 
actors that can (de)-legitimise a technology according to their inter- 
ests, for example media, inhabitants or environmental groups. 

We will now focus on the arguments that are often used to dele- 
gitimise renewable energy technologies. The most typical example 
is the resistance to wind power. In The Netherlands the resistance 
mainly comes from electricity production companies due to the 
small amount of electricity produced by wind turbines compared 
to conventional gas-driven power plants or nuclear power plants; 
furthermore due to the large national gas supply the utilities used 
the argument that no energy diversification is needed [20,46,61]. 
Other arguments used are the operational problems, ‘horizon pollu- 
tion’ and bird killing [56,72]. In the US the initially strong legitimacy 
of the turbine industry is not further developed due to siting issues 
[67,76]. In Sweden legitimacy lacks completely due to negative 
communication of media (wind power contribution being ‘small’ 
or ‘smaller than some other electricity source’) and lack of a force- 
ful way of counteraction by policy makers [72]. In the case of PV in 
the Netherlands, the government mainly sees a role for PV in the 
far future, i.e. after 2020, as the expectations are that PV will reach 
consumer price levels only over 10 years of time. Therefore mainly 
R&D activities are supported and financed by the government [42]. 
In the UK especially siting issues and the ‘Not In My Back Yard’ 
(NIMBY) phenomenon hamper the construction of wind parks [3]. 
This same phenomenon also hampers the construction of biomass 
plants in The Netherlands [5,40,41,77]. 

We now focus on the unexpected role of certain actors and par- 
ties to act as advocates or opponents. An example is the strong 
lobby against biofuels by environmental agencies as the cultiva- 
tion of energy crops leads to rising food prices and deforestation of 
vulnerable natural areas like rainforests [43,49]. In the case of co- 
firing, environmental groups and local residents oppose the wide 
diffusion of co-firing and problems with permit procedures slow 
down the process [41,78,50]. 

These examples show that support and opposition for renew- 
able energy technologies is not stereotypically bounded to specific 
actor groups in the innovation system. Unique combinations of 
advocates and opponents arise under different circumstances. As 
a result different studies on wind, biomass, micro-CHP and PV in 
Germany [41,61,63,66,76], biogas in Switzerland [54] and wind and 
biogas Denmark [20,48,65,79] conclude that transparent and early 
communication to all stakeholders involved about the risks and 
benefits of the technology and construction plans are crucial in 
order to increase the social acceptance for those technology. 


4.4. Capabilities/capacities 


Lack of capabilities, such as the lack of appropriate knowledge 
and skills can be found among all actors within the innovation sys- 
tem. For example, (1) lack of technological knowledge of policy 
makers and engineers; (2) lack of ability of entrepreneurs to pack 
together, to formulate a clear and realistic message and to lobby 
to the government; (3) Lack of capabilities by users to formulate 
demand; and (4) lack of skilled staff. 

In the case of a lack of technological knowledge many examples 
are reported in the literature of wrong technological choices, poor 
designs and malfunctioning technology. Examples are large wind 
turbine designs [2,20,56,67,50] over-dimensioned heatpumps [4] 
and large-scale biomass pilot plant [4,40]. 

The second capability that is often missing is the capability of 
entrepreneurs to pack together and lobby for their technology. The 
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most common observation is that entrepreneurs already compete 
in a very early stage with each other, instead of forming coali- 
tions and alliances in order to be more influential with respect 
to changing regulations, obtaining resources and creating a niche 
market. In the case of first and second generation biofuels advo- 
cates vigorously compete with each other instead of targeting the 
incumbent technology. This struggle contributes to the uncertainty 
surrounding both technologies and the field experiences serious 
legitimacy problems concerning the sustainability of the technol- 
ogy [43,49,52,53]. The same competition between entrepreneurs 
is also observed for several biomass technologies - combus- 
tion versus gasification versus digestion - in the Netherlands 
[4,5,40,41,57,58], in Sweden [2,47] and the UK [3] as well as for solar 
collectors entrepreneurs in Sweden [2]. Only after encountering dif- 
ficulties, disappointments and lack of support from government do 
entrepreneurs select more cooperative strategies. In Germany and 
Denmark, two success stories related to renewables, much more 
cooperative strategies are observed among entrepreneurs, as well 
as in the fuel cell case in Germany where formal networks are set 
up [80]; biomass digestion in Germany where a biogas association 
represents the needs of the sector and lobbies to the government 
[64]; the micro-CHP sector in Germany was also set up of formal 
networks [45]; as well as wind in Germany [61,66,76]; and biogas 
in Denmark where dedicated networks were set up [65]. 

Another entrepreneurial capability that is often reported lack- 
ing is the capability to formulate realistic expectations. Too inflated 
expectations lead to the situation that they cannot be fulfiled, dis- 
appointment and lack of trust by other actors in the innovation 
system. In the case of biomass gasification the expectations were so 
high-strung due to promises of unrealistic short term development 
times and technological potentials, that once the technology could 
not deliver what was promised, the government and investors 
stopped their support and the biomass gasification innovation sys- 
tem collapsed [40,77]. Similar developments were observed for 
the development of hydrogen and fuel cell development around 
the turn of the millennium where too high strung expectations 
about technological potentials and short-term market introduction 
resulted in the blow out of the hydrogen car [81,82]. 


4.4.1. Lack of demand 

In the study of [2] on several renewable energy technologies 
in Sweden such as wind turbines, solar collectors and equipment 
for biomass combustion and gasification they found that new cus- 
tomers lack the competence to articulate their demand. Actors such 
as country council purchasers who usually buy standard products, 
or single-house owners who have to change their boilers once in 
30 years, are not used to make such decisions and therefore to artic- 
ulate their demand. The role of intermediaries that formulate the 
demand is crucial. However, expect of in the wind power field such 
intermediaries are lacking [2]. For many other studies it can be 
expected that the lack of demand also forms a problem due to the 
inexperience of actors in having to make such decision in whether 
they want to invest in micro-CHP, PV, small biofuel boilers, pellet 
burners or biopower [2,42,45-47]. 


4.4.2. Lack of skilled staff 

Another lack of capabilities is the shortage or lack of skilled staff. 
When innovations radically differ from existing ones, one may 
expect this problem to occur since the new technological trajec- 
tory requires new educational programmes and it takes a long 
time for the educational system to pick up these changes. Second, 
the speed of development of new sectors is also likely to create 
a shortage in trained and skilled personnel. Within the Dutch PV 
innovation system an increasing scarcity of skilled (technical) per- 
sonnel is acknowledged [42]. There is a lack of expertise and skills 
on how to install PV panels on the house roofs and to connect the PV 


systems to the electricity grid, since the Dutch PV sector has been 
inactive since 2003. Experts predict that it will take several years 
before the sector is back on track in order to realise the wished for 
large-scale implementation [83,84]. Also in the wind and micro- 
CHP industry in the UK [3] the same observations are made, where 
the low numbers of accredited installers limit the diffusion of the 
new technology [45]. 


4.5. Knowledge infrastructure 


Many studies report that there is a gap between the knowledge 
produced at university and what is needed in practice. In the study 
by Foxon et al. [3] biomass technologies suffer from high levels 
of technology and business risk; this is exacerbated by a lack of 
understanding among actors and problems with knowledge flow 
throughout the innovation system [3]. The interaction between 
universities and industry are very limited and a lack of strategic 
direction in research fails to increase the cooperation between uni- 
versities and industry [3]. The knowledge to solve technological 
problems is mostly present in the system but due to lack of infor- 
mation exchange many problems remain unsolved [85]. 

In the case of Dutch wind turbines it was very difficult to turn 
knowledge into well-functioning wind turbines and market oppor- 
tunities. Wind turbines have their own characteristics, and models 
and theories from the aerospace industry could not be used with- 
out significant adjustment. The Danish case showed a best practice 
example. In this case small wind turbine manufacturers gradually 
improved and scaled up the turbines and in interaction with users 
managed to solve problems and learn from them [56]. 


4.6. Too weak and too strong interaction problems 


The diffusion of knowledge is important in a new system involv- 
ing many actors, some of which are small and poor in resources. 
By connecting different actors and facilitating knowledge flows, 
improvements and acceleration in the technical development, 
reduction of uncertainty, understanding among different actors 
and articulation of a collective demand are facilitated. This again 
contributes to the build up of an innovation system and there- 
fore the diffusion of the new technology. In the work of Bergek 
[85] and Johnson and Jacobsson [2] poor or too strong connectiv- 
ity and network failures are identified as blocking mechanisms in 
the field of RETs. In the case of Dutch wind turbines too strong 
connectivity resulted in strategic conformity with respect to mar- 
ket and technology choices and thus in increased vulnerability to 
uncertainty [85]. However weak learning networks between poten- 
tial customers and capital goods suppliers as well as between the 
capital goods industry and academia made it difficult to handle 
technological and market uncertainty. 

The case of small biofuel boilers in Sweden is charac- 
terised by poor connectivity and fairly individualistic, unwilling 
entrepreneurs to cooperate and share knowledge with other firms. 
Furthermore there are weak relationships between small RETs 
firms and firms providing related products and services and 
between users and academia (large cultural distance). Due to weak 
connectivity between actors positive external economies will not 
be generated properly. 

In a study on marine energy in the UK it was observed that 
this technology was driven by a few small developer firms with 
only limited links between developers, component suppliers and 
universities [55]. 

Another example of too strong interactions comes from Sweden 
where Swedish tax legislation is biased against the production of 
electricity in CHP generation plants, due to the strong interaction 
between policy makers and utilities that favour large scale nuclear 
and hydroelectric power. 
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The last example also comes from Sweden where the solar col- 
lectors market is dominated by supplier industry and the traditional 
installation industry that are antagonistic to new entrants. A qual- 
ity certification procedure for solar collectors was developed partly 
as means to eliminate small, ‘unprofessional’ producers from the 
market. 


4.7. Physical infrastructure 


For companies to succeed they need a reliable infrastructure to 
enable everyday operations and support their long-term develop- 
ments. However for renewable energy technologies different and 
specific infrastructure is needed than the current electricity, gas or 
gasoline infrastructure. This failure can manifest itself in two ways: 
either in the absence of the infrastructure or denied access to the 
current infrastructure. 

Typical examples that show the important role of infrastruc- 
ture absence are related to new automotive fuels. The introduction 
of renewable automotive fuels is strongly dependent on the avail- 
ability of an initial infrastructure. Different studies report the slow 
diffusion of alternative fuels when a refuelling infrastructure is not 
developing quickly enough [43,49,82]. 

A clear case that shows that existing infrastructures can also 
be used strategically by incumbents to slow down the diffusion of 
renewables is the Dutch biomass digestion case. The digestion of 
biomass leads to the production of methane, which is also the main 
substance of natural gas. For Dutch farmers that produce biogas 
from biomass digestion on their farms, access to feed in their bio- 
gas into the national gas grid was denied by natural gas grid owners, 
due to the differing quality of the biogas (65-70% methane) and the 
Dutch natural gas (80% of methane) [86]. Smink et al. [87] report 
a similar example in the case of automotive biofuels. In this case 
a quality standard for biofuels is agreed upon by mainly incum- 
bent fossil fuel actors that require biofuels entrepreneurs to make 
additional investments in ‘upgrading’ the biofuel so that it may be 
blended with conventional gasoline and diesel. 


5. Discussion and conclusion 


The literature review shows that systemic problems hamper the 
rapid development and diffusion of renewable energy technologies 
and therefore need additional attention from policy makers and 
other system actors that have an interest in speeding up the diffu- 
sion of renewable energy. The literature review shows that a lack of 
stable institutions, hard as well as soft ones that stimulate renew- 
ables, and a poor alignment of these institutions with practices in 
other sectors and regional/local institutions are key systemic prob- 
lems. These systemic problems are the most reoccurring barriers in 
the empirical cases. It needs to be noted though that a certain bias 
exists in the case of RETs, as the government plays a dominant role 
in stimulating or steering such transformations in order to reach 
societal goals and to bring about this transformative change. There- 
fore a larger focus on institutional aspects is highlighted in these 
socio-technical studies. 

As can be expected from systems theory the systemic problems 
are not independent. Malfunctioning parts of the system invoke 
problems in other parts of the system. For example, the institutional 
problems are strengthened by problematic knowledge infrastruc- 
tures and too weak and strong interactions between different actor 
groups in the innovation systems. Furthermore, the reason for why 
the systemic problem hard institutions occur so often can partly be 
explained by the lack of capabilities of several actors. Due to the 
lack of technological knowledge by policy makers, but also the lack 
of capabilities of entrepreneurs to pack together and formulate a 
uniform message about the kind of support they need from govern- 
ment, a lack or misalignment of regulations occurs that blocks the 


development and diffusion of RETs or strengthens ‘lock-in’ into the 
fossil fuel based system. Therefore it is important for several sys- 
temic problems to be targeted by different actor types in a coherent 
manner in order to avoid more systemic problems that trigger and 
reinforce each other. 

As mentioned earlier there are different types of actors who seek 
to stimulate these transitions such as policy makers, entrepreneurs 
(but also incumbents in some cases), and NGO’s; however these 
same actors can also (unintentionally) form a barrier. In our review 
the problematic role of incumbents has come to the forefront. 
Here policy makers should be aware of the motivations and inten- 
tions why incumbents want to join the policy arena about RETs. 
On the other hand we also observed specific problems associ- 
ated with strategies of renewable energy entrepreneurs. They often 
pursue short term individually oriented strategies instead of strate- 
gies more oriented towards the build up of innovation systems. 
In more innovation system research, a special type of actor has 
been identified who may fulfil the role of a system builder. A sys- 
tem builder is an actor that (consciously) seeks to contribute to 
the innovation system build up and to strengthen the key pro- 
cesses (functions) in an innovation system [88]. The goals of system 
building entrepreneurs are generally broader than the goals of 
non-system building entrepreneurs in the system as they not only 
seek survival, or maximum profits, for themselves but also the 
development of a well-functioning innovation system. Therefore 
entrepreneurs should also be aware of their role and the influence 
they can exert in stimulating transitions. 

Finally we end with specific policy recommendations that follow 
from this literature review. First, in order to avoid hard institutional 
failures, it is necessary to focus on specific technological systems 
which require specific policy measures. Differences in policy needs 
are determined by the phase the innovation system is in, the spe- 
cific problems related to the technology, acquisition of financial 
resources, distance to market, strength of the networks, interna- 
tional playing field, etc. This implies that ‘one model fits all’ is not 
likely to work. The consequence is that innovation policy makers 
need to develop the appropriate capabilities to evaluate the specific 
circumstances of an individual innovation system and the specific 
problems that are related to specific technological fields. 

A second way to avoid hard institutional failures is to develop a 
consistent and long term policy to stimulate the formation of new 
innovation systems. Ad hoc policy initiatives increase uncertainties 
for the entrepreneurs, engineers, venture capitalist and other actors 
in the innovation system therefore decreasing the success chances 
of innovation system development as observed in many case stud- 
ies. Long term and consistent policy does not mean that policy 
instruments cannot change over time. In fact, due to the changes 
in the needs of the actors in the innovation system, a continuous 
reflection on the effects of policy measures on the innovation sys- 
tem and subsequent alteration is necessary as is shown in the case 
of German feed-in law. 

Third, to overcome the failure of too strong networks or inter- 
actions, it is necessary for policy makers to listen carefully to new 
entrants and often small innovative firms. This is not an easy task 
since most lobby networks are dominated by large incumbent 
firms. New entrants often find large obstacles when trying to enter 
these lobby networks. Their message is therefore not easy to hear 
and mostly outweighed by de-legitimising arguments. Moreover, 
when policy instruments are designed in favour of these emerg- 
ing innovation systems, fierce opposition can be expected from the 
old regime. The Dutch experience shows that policy makers have 
a strong preference to keep lobby networks in place by trying to 
persuade the incumbent firms to develop sustainable innovations. 
Very often, new entrants are not at the table when new policy mea- 
sures are designed. Therefore policy makers also need to develop 
capabilities in order to shape expectations and visions for the future 
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of a specific technology in order to draw in the new entrants and 
provide space and time for them to formulate their needs. 

Finally in order to avoid market structure failures, it is necessary 
to put pressure on the incumbent locked-in system as other- 
wise new technologies have to comply with the criteria’s that are 
used to measure the performance of incumbent technologies. This 
increases the success chances of the emerging innovation systems 
as the products of these innovation systems have better chances 
within the old system. In this case the generic policy instruments 
favoured by neoclassical trained policy makers might be useful; 
however the will is needed to apply the instruments in that way. 
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